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A polarimetric scattering model is developed to study effects of snow cover and frost
flowers with brincinfiltration on thin sca ice. Leads containing thin scaice in the Arctic
icepack are important to heat exchange with the atmosphere and salt flux into the upper
occan, Surface characteristics of thin sca icc in leads are dominated by the formation of
frost flowers with a high salinity. In many cases, the thinice layer is covered by snow,
which wicks up brine from sca icc ducto capillary force. Snow and frost flowers have a
significant impact on polarimetric signatures of thin ice, which necedstobe studied for
assessing therctrieval of geophysical parameters such as ice thickness.

Frost flowers or snow layer is modeled with a heterogencous mixture consisting of ran-
domly oriented cllipsoids and brine infiltration in an air background. Ice crystals are
characterized with three different axial lengths to depict the non-spherical shape. Un-
der the covering mul ti-specics medium, the columnar sca-ice layer is aninhomogencous
anisotropic mediur n composed of cllipsoidal brine inclusions preferent ial 1 'y orient ed in t he
vertical directioninan icc background. The underlying medium is homogencous sca wa-
ter. This configuration] is described with layered inhomogencous media containing multiple
species of  scatterers. The specics are allowed to h ave different size, shape, and permittivity.
The strong permittivity fluctuation theory is extended to account for the multi-s] species in
the derivation of effective permittivitics with distributions of scatterer orientations charac-
terized by Eulerian rotation angles. Polarimetric backscattering cocflicients are obtained
consistently with the same physical description used in the effective permittivity calcula-
tion.

The multi-species model allows the inclusion of high-permittivity speciesto study effects
of brine infiltrated snow cover and frost flowers on thin ice. First, theoretical results for
bare saline ice are compared with measured data obtained with a JP’L C-band polarimetric
scattcrometer during CRRELEX 93, Then, the covering layer is included to simulate the
frost orsnow cover with brine infiltration. Smal]-scale roughness at medium interfaces is
also considered. The roughness characterizes bumps or small protrusions, which serve as
nucleat ion sites for the growth of frost flowers. The roughness canalso result from the
refreczing of the liquid phase at the snow-ice interface. The results suggest that the frost
cover with a rough interface significantly increasec the backscatter from thin saline ice and
the polarimet ric signat ure becomes closer to t he isot ropic characteristi cs. The snhiow cover
also modifics polarimetric signatures of thin sea. ice depending on the snow mixture and
the interface condition.



